The structure set S T OP (M ) of an n-dimensional topological manifold M n is the pointed set of equivalence classes of homotopy equivalences f : N n → M n , with (N, f ) = (M, 1) ∈ S T OP (M ) if and only if f is homotopic to a homeomorphism. The Browder-Novikov-Sullivan-Wall surgery theory determination of S T OP (M ) for n 5 was previously used to identify this set with an abelian group S n+1 (M ) depending functorially on the homotopy type of M . This identification is used here to establish a composition formula (P, f g) = (N, f ) + f * (P, g) ∈ S T OP (M ) = S n+1 (M )
Abstract. The structure set S T OP (M ) of an n-dimensional topological manifold M n is the pointed set of equivalence classes of homotopy equivalences f : N n → M n , with (N, f ) = (M, 1) ∈ S T OP (M ) if and only if f is homotopic to a homeomorphism. The Browder-Novikov-Sullivan-Wall surgery theory determination of S T OP (M ) for n 5 was previously used to identify this set with an abelian group S n+1 (M ) depending functorially on the homotopy type of M . This identification is used here to establish a composition formula (P, f g) = (N, f ) + f * (P, g) ∈ S T OP (M ) = S n+1 (M )
for homotopy equivalences f : N n → M n , g : P n → N n of n-dimensional topological manifolds. The formula is required for a paper of Kreck 
with base point (M, 1). In the closed case ∂M = ∅ the structure set is denoted S T OP (M ).
For n 5 the Browder-Novikov-Sullivan-Wall surgery theory (extended to the topological category by Kirby and Siebenmann [1] 
using the 'characteristic variety' H-space structure on the classifying space G/T OP for fibre homotopy trivialized stable topological bundles. See Wall [13, Theorem 10 .8], Quinn [4, 5] , Siebenmann [1, Essay V, Appendix C], Ranicki [8, 9] , Nicas [3] for previous accounts of the topological surgery exact sequence.
The quadratic S-groups S * (X) of a space X were defined in [9, §15] , to fit into the algebraic surgery exact sequence
with A the assembly map from the generalized homology groups H * (X; L • ) with coefficients in the 1-connective quadratic L-theory spectrum L • of Z to the Wall [13] (simple) surgery obstruction groups L * (Z[π 1 (X)]), where The algebraic and topological surgery exact sequences of a compact n-dimensional manifold with boundary (M, ∂M ) with n 5 were identified in [9, Theorem 18.5], with an isomorphism
The isomorphism
(At this point it is worth recalling the CE approximation theorem of Siebenmann [11] : for n 5 a map of n-dimensional topological manifolds f : N → M with contractible point inverses is a simple homotopy equivalence which is homotopic to a homeomorphism). The isomorphism
is the Poincaré duality defined by cap product with the symmetric L-theory fun-
The Wall [13] surgery obstruction groups L n (Λ) of a ring Λ with involution λ → λ were expressed in Ranicki [6] as the cobordism groups of n-dimensional quadratic Poincaré complexes (C, ψ) over Λ, with C an n-dimensional based f.g. free Λ-module chain complex and
is the standard free Z[Z 2 ]-module resolution of Z, and T ∈ Z 2 acts on
The Λ-module chain map
is required to be a simple chain equivalence.
See Wall [12] for the existence and uniqueness properties of Spivak normal struc-
The quadratic signature of a normal map (f, b) with ∂f : ∂N → ∂M a simple homotopy equivalence was defined in Ranicki [7] to be the cobordism class
of the kernel n-dimensional quadratic Poincaré complex (C(f ! ), ψ b ) over Z[π 1 (M )], constructed as follows. The Umkehr Z[π 1 (M )]-module chain map is the composite
where M is the universal cover of M , N = f * M is the pullback cover of N , and f : N → M is a π 1 (M )-equivariant lift of f . The algebraic mapping cone C(f ! ) fits into the chain homotopy direct sum system 
and the quadratic structure in σ * (f, b) is defined by
The surgery obstruction σ * (f, b) ∈ L n (Z[π 1 (M )]) was defined by Wall [13] for an n-dimensional normal map ( 
and a homotopy equivalence of quadratic Poincaré complexes over Z[π 1 (M )]
Homotopy equivalent quadratic Poincaré complexes are cobordant, so that the quadratic signature satisfies the composition formula
of [7, Proposition 4.3] .
Let X be a finite simplicial complex. As in Ranicki and Weiss [10] define a (Z, X)-module A to be a Z-module with a direct sum decomposition
with each A(σ) based f.g. free. Let A(Z) * (X) be the additive category with objects (Z, X)-modules and morphisms f : A → B the abelian group morphisms such that
As in [9, § §5,13] there is defined a chain duality on A(Z) * (X) such that H n (X; L • ) = L n (A(Z) * (X)) .
An element (C, ψ) ∈ H n (X; L • ) is a cobordism class of n-dimensional quadratic Poincaré complexes (C, ψ) in A(Z) * (X) with C(σ) an (n − |σ|)-dimensional based f.g. free Z-module chain complex, subject to the additional requirement (corresponding to the 1-connectivity of L • ) that C(σ) be contractible for σ ∈ C with |σ| = n. The quadratic structure is an element
Let A(Z[π 1 (X)]) be the additive category of based f.g. free Z[π 1 (X)]-modules. The assembly functor ( [10] , [9, §9] )
was defined using the universal covering projection p : X → X. An element (C, ψ) ∈ S n+1 (X) is a cobordism class of n-dimensional quadratic Poincaré complexes (C, ψ) in A(Z) * (X) such that the assembly based f.g. free Z[π 1 (X)]-module chain complex A(C) is simple contractible. is a homotopy equivalence. The quadratic cycle (C, ψ) has chain components
with assembly the contractible f.g. free Z[π 1 (X)]-module chain complex
and the quadratic components ψ(σ) are the quadratic structures of the normal maps (f (σ), b(σ)). The structure invariant defines a function on the topological manifold structure set of M
which is a bijection for n 5 (Theorem 18.5 of [9] ). The structure invariant composition formula is an ingredient of Kreck and Lück [2] .
